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Abstract 
According to Nyquist sampling theorem, the traditional sampling frequency of signal not less than twice the 
highest frequency. However, due to the higher frequency band and high-bandwidth of the Ultra-wideband signal, 
making the sampling rate is too high to achieve. Compressed Sensing theory provides a theory basis to cut into 
sampling rate possibility, and introduces a solution to deal with bottlenecks of digital-analog conversion technology 
on Ultra-wideband. Compressed Sensing can reconstruct the original signal accurately with lower Nyquist sampling. 
It has broad application prospects in the Ultra-wideband communications. This paper introduces the basic theory and 
applications of Compressed Sensing and Ultra-wideband, and look forward to the prospects for the study. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
UWB (Ultra Wide Band, UWB) technology began in the 1960s, the pulse communication technology, 
UWB communication , also known as base-band communication or no-carrier communications, was used 
mainly to military radar, positioning and communication systems. As one of the hot new technology, it 
has aroused great concern in relevant fields. However, UWB also has many technical problems. As we all 
know, UWB bandwidth is large, and the traditional Nyquist sampling theorem requires the signal 
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sampling rate at least equal to signal bandwidth greater than 2 times. At this stage, due to the level of 
process restrictions, the cost of high-rate A/D converter is higher, which greatly restricted the 
development of UWB technology. It is a key issue to find new methods of data acquisition and processing.  
 Compressed Sensing (Compressive / Compressed Sensing, CS) theory provides a low-cost and high-
efficient solution. Using sparse or compressible for a large number of natural signals, CS theory integrates 
the collection and the compression, achieves an accurate or approximate reconstruction of the signal by 
collecting a small amount of signal measurements. It is not only reduces the requirements for high-speed 
devices, but also saves a lot of storage resources, showing a new signal processing method. Breaking the 
limit of the Nyquist sampling theorem, sampling rate is much lower than twice the signal bandwidth in 
the CS theory. For UWB communication systems, this advantage is the most needed. Combine the CS 
and the UWB, both greatly broaden the application field of CS  theory, given the theory basis of practice, 
to enhance the value of the theory itself, while the breakthrough the bottleneck of UWB technology, to 
promote their wider development of a more favorable development opportunities. Thus, the theory of 
UWB and CS is a very important subject. 
2. The theory framework and development status of compressed sensing 
 In 2006, Candés proved that the original signal can be accurately reconstructed from part of Fourier 
transform coefficients. It is theory basis for CS [1]. The concept of CS is formally proposed by Candés 
and Donoho in 2006[2]. The key technology are sparse decomposition of signal, measurement matrix and 
corresponding reconstruction algorithm[3]. 
2.1. Signal sparse representation 
 In signal processing applications, people always want to find a sparse representation of data. Using 
sparse approximation replace the original data that can substantially reduce the cost of signal processing 
and improve the compression efficiency. Sparse representation of the signal is that the signal is projected 
onto the orthogonal transform base, most of the absolute value of transform coefficients is small, the 
resulting transformation vector is sparse or sparse approximation. It can be regarded as a simple 
expression of the original signal [1].  
 For example, for a natural image, almost all of the pixel values are nonzero, but if it is transformed 
into the wavelet domain, most of the absolute value of wavelet coefficients are close to zero, and the 
image can be expressed by the limited number of large coefficients From the Fourier transform to the 
wavelet transform to the multi-scale geometric analysis, the purpose of scientists research is studying a 
analysis methods with more convenient and rapid in different function space, all of which are designed to 
transform explore the sparse characteristics of the signal. This is a priori condition of CS theory. Usually 
transform-based can be flexible selected based on features of the signal itself. Such as Discrete Cosine 
Transform-based, Fast Fourier Transform-based, Discrete Wavelet Transform-based [4], Curvelets base 
[5], Gabor based [2], and redundant dictionary [6] and so on. 
2.2. Measurement Matrix  
 In 2004, Donoho proposed CS theory, measurements are given to meet the three characteristics of the 
matrix with qualitative and quantitative [7]. Based on the above three characteristics of measurement 
matrix, measurement matrix can be divided into three categories: The first category includes high Sri 
Lanka random measurement matrix [8], Bernoulli random matrix [9], sub-Gaussian random matrices [10], 
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a very sparse projection matrix [11]. A common feature of measurements is that the matrix elements obey 
some distribution independently. 
 The advantages of the first are not correlated with most of sparse signals, need a few number of 
measurements for accurate reconstruction. However, such measurements require a large storage space and 
higher computational complexity. The second measurement matrix include part of the Fourier matrix [12], 
part of the Hadamard matrix [13], and non-related measurement matrix [14].Such matrix is taken out 
randomly M-line from NN ×  orthogonal matrix, then normalized for each column. The part of the Fourier 
matrix calculated by the fast Fourier transform, but this measure is not related to the sparse signal in the 
time domain or frequency domain. Size of Hadamard matrix N must satisfy L,2,1,2 == kN k , this greatly 
limits the application of Hadamard matrix. The third category includes Toeplitz matrix, Circulant matrix, 
Binary sparse matrix, Structurally Random matrix, Chrips measurement matrix [12]. According to a 
particular signal, the application of such measurement matrix, In RIP theory, Rice University developed a 
single-pixel camera [15]. Subsequently, a variety of hardware have been reported, such as Massachusetts 
Institute of Technology developed the MRI RF pulse equipment, coding aperture camera, Illinois State 
University developed DNA microarray sensor, Chinese Academy of Sciences developed CS filters and 
chaos, etc. Hardware implementation of the measurement matrix to the practical CS a big step forward. 
2.3. Reconstruction Algorithm  
 In the reconstruction algorithms, Candés solved that the signal reconstruction problem can be obtained 
by solving the minimum norm 0l , because the minimum norm 0l made the results as much as possible 
sparse. But Donoho pointed out that solving the minimum norm 0l  is an NP-hard problem that required 
brute-force non-zero x  value KNC , and therefore can not directly solve [7]. In view of this, the researchers 
madea series of related sub-optimal solution. Reconstruction algorithm is currently divided into two 
categories: the series of greedy algorithm were proposed for the minimum norm 0l , a convex optimization 
algorithm were made for the minimum norm 1l .
3.  Advance in the Research of UWB based on CS 
 In the theory framework of CS, the data acquisition time can be significantly exceeded the constraint 
of Nyquist sampling law in UWB communication, and bring great convenience to the storage, 
transmission and processing of natural signals. 
 At present, although the theory of UWB based on CS research is still at an initial stage, but it has 
shown a strong vitality, and become a major field of engineering research. Such as MIT, Stanford 
University, Princeton University, Rice University, Duke University, Technical University of Munich, 
University of Edinburgh have set up a special task force to research the theory of CS. In 2008,Bell Labs 
began to organize well-known study of this theory in Seattle Intel. In addition, some well-known 
institutions have established a dedicated website for the researchers study and discussion. Recently, the 
U.S. Air Force Laboratory and Duke University held a seminar on CS. 
 It has just beginning for UWB based on CS research in our country. Such as Xi'an Jiaotong University, 
Chinese Academy of Sciences, and Xi'an University of Electronic Science and Technology Task 
propound a theory that detected UWB echo signal based on the theory of ultra-low sampling rate[15]. 
Some enthusiastic colleagues also specifically set up special blog for CS. I believe that more scholars will 
be joined the ranks of study to promote the development of this emerging technology. 
     As UWB communication is baseband transmission, the mode of modulation is Gaussian PPM. 
Through controlling the pulse number, it can generate sparse signal, then sent out after filtering. At the 
receiving side, it can be sampling directly under the 10% rate of Nyquist frequency, and obtain the 
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original signal by OMP algorithm [16]. The received signal was send into a random measurement matrix, 
using the first order statistics of measured signal to establish the mathematical model of CS, and finally to 
be reconstructed of estimate channel with OMP algorithm. This algorithm needs minimal measurements 
to estimate channel, save resources of analog-digital conversion (ADC). The algorithm has superior 
estimation performance, compared to the accurate channel, the performance of bit error rate (BER) is only 
2 ~ 3dB [17]. It can simplify greatly on UWB channel modeling.  
4. Conclutions 
In this paper, it described the theory framework of UWB based on CS, elaborated the key technologies 
in the theory of CS, overviewed  domestic and international research in present, open question ,the latest  
related theories,and discussed some problems. The theory of UWB based on CS has been some research 
results, but there are still a lot of issues to study, summarized as the following: 
•    It is a difficulty that how to find an effective and fast sparse decomposition algorithm in redundant 
dictionary under the theory of UWB based on CS. 
•    For a stable reconstruction algorithm, does it exist an optimal measurement matrix, which not only 
meets the constraint isometric conditions, but also easy to implemented by hardware. 
•    How to construct accurate reconstruction algorithm with a stable, low computational complexity, less 
limiting the number of observations to recover compressible signal. 
•    With the noise environment, how to reduce noise sensitivity of CS, and how to improve system 
performance by further optimization theory and algorithms. 
In addition, the integration between CS theory with UWB theory is no longer enough, such as signal 
detection, feature extraction, etc. The theory is newly emerging subject, although there are many issues to 
be studied, but it is an excellent supplement and perfect for the traditional signal processing. It is a  strong 
vitality theory. The research will make a great impact on the signal processing filed. 
References 
[1]D.L.Donoho,“Comressed sensing,”IEEE Transactions on Information Theory,vol.52,no.4,pp.1289–1306,Apr.2006. 
[2]E.Candes,J.Romberg,and T.Tao,“Robust uncertainty principles:Exact signal reconstruction from highly imcomplete 
frequency information,”IEEE Transactions on Information Theory,vol.52,no.2,pp.489–509,Feb.2006. 
[3]J.H.Reed,An Introduction to Ultra Wideband Communication Systems,ser.Prentice Hall Communications Engineering and 
Emerging Technologies Series,T.S.Rappaport,Ed.Prentice Hall,2005. 
[4]R.Blazquez,F.S.Lee,D.D.Wentzloff,P.P.Newaskar,J.D.Powell,and A.P.Chandrakasan,“Digital arquitecture for ultra-wideband 
radio receiver,” VTC Fall 2003,Orlando,FA,Oct.2003,pp.1303–1307. 
[5]R.Newaskar and A.P.Chandrakasan,“A/D precision requirements for an ultra-wideband radio receiver,” IEEE Workshop on 
Signal Processing Systems,vol.1,Oct.2002,pp.270–275. 
[6]S.Mallat and Z.Zhang,“Matching pursuits with time-frequency dictionaries,”IEEE Transactions on Signal 
Processing,vol.41,no.12,pp.3397–3415,Dic 1993.  
[7]D.Porcino and W.Hirt,“Ultra-wideband radio technology:Potential and challenges ahead,”IEEE Communications 
Magazine,pp.1–11,July 2003. 
[8]L.Peotta,L.Granai,and P.Vandergheynst,“Image compression using an edge adapted redundant dictionary and 
wavelets,”Elsevier Science,May 2005,submitted.[Online].Available:http://lts1pc19.epfl.ch/repository/Peotta2004-1152.pdf 
[9]M.Alouini and M.K.Simon,“Performance of coherent receivers with hybrid SC/MRC over Nakagami-m Fadding 
Channels,”IEEE Transactions on Vehicular Technology,vol.48,no.4,Jul.1999. 
[10]Weiyu Xu and Babak Hassibi，"Efficient compressive sensing with determinstic guarantees using expander graphs,"IEEE 
3266  Xiaoli LV and Fengming Bai / Procedia Engineering 29 (2012) 3262 – 3266 Xiaoli LV,Fengming BAI/ Procedia Engineering 00 (2011) 000–000 5
Information Theory Workshop，Lake Tahoe，September 2007 
[11]Emmanuel Candès，"The restricted isometry property and its implications for compressed sensing,"Compte Rendus de 
l'Academie des Sciences，Paris，Series I，346，pp.589-592，2008 
[12]Y.Li,A.F.Molisch,and J.Zhang,“Channel estimation and signal detection for uwb,”Mitsubishi Electric Research 
Laboratory,201 Broadway,Cambridge,MA 02139,Techical Report TR-2003-74,Nov.2003. 
[13]L.Yand and G.B.Giannakis,“Optimal pilot waveform assisted modulation for ultrawideband communications,”IEEE 
Transactions on Wireless Communications,vol.3,no.4,pp.1236–1248,Jul.2004. 
[14]M.Rudelson and R.Vershynin,“Geometric approach to error correcting codes and reconstruction of 
signals,”2005.Available:http://www.math.ucdavis.edu/vershynin/papers/ecc.pdf 
[15]D.Needell,R.Vershynin,Signal Recovery from Inaccurate and Incomplete Measurements via ROMP,(Conference Version)by 
8th international conference on Sampling Theory and Applications(SAMPTA),May 2009.
[16] Shunan Wang.Study of Compressive Sensing Based Ultra-wideband Communication.Jilin University .2010 
[17]Yulin LIU, Xianyu ZHANG, Jiwei HE, Duo XU.A blind channel estimation algorithm for Ultra Wide-band channel based 
on compressive sensing.Journal of Chongqing University.2010.2010.33(4):105-108 
